Three experimental setups were used throughout this study. The room-temperature STM images were acquired in a two-vessel UHV system (RT-STM) consisting of a preparation chamber (base pressure <10 -10 mbar) and an analysis chamber (<7 × 10 -11 mbar) equipped with an Omicron μ-STM operated in constant-current mode. Electrochemically etched tungsten tips were sputter cleaned and conditioned by voltage pulses. The analysis chamber further includes commercial XPS, LEED and AES setups. The STM data were corrected for distortion and piezo creep as described in reference [1] .
plate using Ta clips. A thin Au foil was placed between the sample and the sample plate to ensure good thermal contact, and the sample plate was attached to the cryostat via Ta rods and heated by direct current. The sample temperature was measured by a K-type thermocouple spot-welded to the sample plate.
In all setups, the natural Fe3O4(001) samples (SurfaceNet GmbH) were prepared by sputtering (1 keV Ar + or Ne + , 10 min) and annealing (950 K, 10 min) cycles with every other annealing cycle done in oxygen background (pO 2 = 5 × 10 -7 mbar, 20 min). Metal deposition was done using e-beam evaporators (FOCUS GmbH) calibrated by temperature-stabilized quartz microbalances (QCM). A monolayer (ML) of adatoms is defined as 1 adatom per (√2×√2)R45° surface unit cell of the Fe3O4(001). In the RT-STM setup the calibration was checked by adatom counting; no systematic difference was observed.
The Vienna ab initio Simulation Package (VASP) [7] was used for all DFT calculations. The optB88-DF [8] van der Waals functional was used with an effective on-site Coulomb repulsion term Ueff = 3.61 eV for Fe to accurately model the oxide. The Projector Augmented Wave (PAW) method [9] describes the electron-ion interactions. The plane wave basis set cut-off energy was set to 550 eV. A Γ-centred k-mesh of 5×5×1 was used for the bulk, , and (001) surface calculations (Γ-point only for 2×2 supercell). Calculations were performed with the experimental magnetite lattice parameter (a= 8.396 Å)
using an asymmetric slab with 13 planes (5 fixed and 2 relaxed FeoctO2 layers) and 14 Å vacuum. To avoid interaction between adsorbates, and to accurately model the experimental coverages, a (2 × 2)
supercell was used (i.e. four times the (√2×√2)R45° reconstructed cell). Convergence is achieved when forces acting on ions become smaller than 0.02 eV/Å. STM simulations were performed using the software p4vasp and within the Tersoff-Harmann approach [10] . In all cases, the simulated images include states between the Fermi level (0 eV) and empty states at +1 eV with an isodensity of 0.0015 e/A 2 . with the subsurface defect at 10 -12 mbar O2 and 600 K, [11] whereas incorporation of Ir into 6-fold sites should be favoured with the additional Fe remaining in the surface region. We note that using the experimental lattice parameter for Fe3O4 results in an under-estimation of the surface free energies.
However, since we are primarily interested in the relative difference between the models, this offset is not important. At experimentally relevant O2 pressures, the surface containing 5-fold Ir prefers to restore the SCV structure by diffusing an Fe atom into the bulk, which is possible at the considered temperatures [12] . This then allows the Ir to further incorporate to the 6-fold position more easily than if the displaced Fe atom remained in the 2 nd octahedral layer. 
